It has been demonstrated that co-treatment of rats with amiodarone (AMD) and bacterial lipopolysaccharide (LPS) produces idiosyncrasy-like liver injury. In this study, the hypothesis that the hemostatic system and neutrophils contribute to AMD/LPSinduced liver injury was explored. Rats were treated with AMD (400 mg/kg, ip) or vehicle and 16 h later with LPS (1.6 × 10 6 endotoxin units/kg, iv) or saline (Sal). AMD did not affect the hemostatic system by itself but significantly potentiated LPS-induced coagulation activation and fibrinolysis impairment. Increased hepatic fibrin deposition and subsequent hypoxia were observed only in AMD/LPS-treated animals, starting before the onset of liver injury. Administration of anticoagulant heparin abolished AMD/LPS-induced hepatic fibrin deposition and reduced AMD/ LPS-induced liver damage. Polymorphonuclear neutrophils (PMNs) accumulated in liver after treatment with LPS or AMD/ LPS, but PMN activation was only observed in AMD/LPS-treated rats. Rabbit anti-rat PMN serum, which reduced accumulation of PMNs in liver, prevented PMN activation and attenuated AMD/ LPS-induced liver injury in rats. PMN depletion did not affect hepatic fibrin deposition. Anticoagulation prevented PMN activation without affecting PMN accumulation. In summary, both the hemostatic system alteration and PMN activation contributed to AMD/LPS-induced liver injury in rats, in which fibrin deposition was critical for the activation of PMNs.
Amiodarone (AMD; 2-butyl-3-[3ʹ,5ʹ-diiodo-4ʹα-diethylaminoethoxybenzoyl]-benzofuran), a class III antiarrhythmic used to treat myocardial infarction and congestive heart failure, is known to cause idiosyncratic, drug-induced liver injury (IDILI) in human patients (Rotmensch et al., 1984) . Cases of severe liver reactions, or even fatalities caused by fulminant hepatic failure, are reported after both long-term oral or acute iv administration of AMD (Babatin et al., 2008; Lewis et al., 1989; Rätz Bravo et al., 2005) .
Like other drugs that can cause idiosyncratic liver injury, in naive laboratory animals AMD is not hepatotoxic by itself. However, AMD interacts with modest inflammation caused by lipopolysaccharide (LPS) to produce pronounced liver injury in rats (Lu et al., 2012) .
The importance of tumor necrosis factor-α (TNF) in AMD/ LPS-induced liver injury has been demonstrated (Lu et al., 2012) , but the role of other LPS-induced proinflammatory mediators, e.g., the hemostatic system and/or innate immune cells, has not been explored. Administration of LPS can lead to activation of tissue factor (TF) and release of plasminogen activator inhibitor-1 (PAI-1) by activated Kupffer cells, sinusoidal endothelial cells, and other cell types (Levi et al., 2003) . TF is the major inducer of thrombin-mediated coagulation activation, and PAI-1 is the major inhibitor of plasminogen-mediated fibrinolysis (Dahlbäck, 2000) . In LPS/drug co-exposure studies, drugs that cause human IDILI enhanced LPS-induced coagulation activation and fibrinolysis impairment, leading to hepatic fibrin deposition, tissue hypoxia, and liver damage (Luyendyk et al., 2004; Shaw et al., 2009a; Zou et al., 2009) . Anticoagulation by heparin significantly reduced hepatic fibrin deposition and attenuated hepatotoxicity, indicating a key role for a dysregulated coagulation system in liver damage in these models.
Polymorphonuclear neutrophils (PMNs) are an essential part of the innate immune system (Amulic et al., 2012) . The main function of PMNs is to eliminate invading microorganisms and remove dead or dying cells. On the other hand, the proteases and excess of reactive oxygen species, e.g., hypochlorous acid (HOCl, generated by the myeloperoxidase-hydrogen peroxidase-halide system; Arnhold and Flemmig, 2010) , released by activated PMNs can lead to tissue damage, rendering PMNs a contributor to the pathogenesis of many acute inflammatory diseases. Examples include liver injury from endotoxemia (Hewett et al., 1992;  Anticoagulation. Inhibition of activation of coagulation was performed by administration of heparin. Rats were treated with AMD/LPS as described in Experimental protocol, and heparin (3000 units/kg, s.c.) or Sal was administered 0.5 h after LPS. The animals were euthanized 10 h after LPS for sample collection.
Hepatic PMN accumulation and activation. Immunohistochemical staining for hepatic PMNs was performed as described previously (Yee et al., 2003) . PMNs within liver sections were stained with anti-PMN immunoglobulin isolated from serum of rabbits immunized with rat PMNs (Hewett et al., 1992) . After incubation with the primary antibody, tissue sections were incubated with biotinylated goat anti-rabbit immunoglobulin G, avidin-conjugated alkaline phosphatase, and Vector Red substrate. PMNs were identified by positive staining and nuclear morphology. The numbers of PMNs in 10-20 randomly selected, high-power fields (HPF; ×400) in liver sections were counted and an average calculated for each rat.
Staining for HOCl-modified epitopes is a sensitive and specific method for evaluating the activation of the myeloperoxidase-hydrogen peroxidasechloride system in PMNs; the HOCl-modified epitopes are persistent (Hazell et al., 1996; Malle et al., 1997) . The monoclonal antibody (2D10G9, subtype IgG2bκ) is specific for HOCl-modified epitopes and does not cross-react with epitopes generated by oxidative reactions involving nitrating species, transition metals, or lipid peroxidation reactions (Malle et al., 1995) , and its efficacy and specificity have been demonstrated by us and others (Deng et al., 2008; Hanumegowda et al., 2003; Hasegawa et al., 2005; Hazell et al., 1996; Malle et al., 1995 Malle et al., , 1997 Zou et al., 2011) . Immunohistochemical staining for HOCl-modified epitopes in frozen liver sections was performed as described previously (Deng et al., 2007) . Frozen liver sections were fixed in 4% (vol/vol) formalin for 10 min at 25°C. After washing three times with PBS, the slides were blocked with 3% (vol/vol) goat serum for 1 h. Then, 2D10G9 antibody (1:1 diluted in 3% [vol/vol] goat serum) was applied for 2 h. After washing three times with PBS, Alexa Fluor 594-labeled goat anti-mouse secondary antibody (Invitrogen, Carlsbad, CA; diluted 1:500 in 3% [vol/vol] goat serum) was applied for 3 h. After washing three times with PBS, fluorescent pictures were recorded and quantified as described previously (Deng et al., 2007) .
PMN depletion.
A rabbit anti-rat PMN serum (antineutrophil serum [NAS] ; Intercell Technologies, Jupiter, FL) was used to deplete circulating PMNs. A previous study in rats demonstrated the efficacy of this NAS to deplete circulating PMNs (Snipes et al., 1995) . Rats were given control serum (CS, normal rabbit serum) or NAS 2 h before AMD. CS and NAS were diluted 1:1 (vol/vol) in Sal and injected iv at 0.5 ml per rat. The rats were then treated with AMD/LPS as described above and euthanized 10 h after LPS for sample collection. Total blood leukocytes were quantified with a Unopette White Blood Cell Determination kit (BD Biosciences, San Jose, CA). Differential counting for the percentage of PMNs and lymphocytes was performed with a Hema 3 Staining System (Fisher Diagnostics, Middletown, VA). Hepatic PMN accumulation and activation, serum ALT activity, histological changes in H&E-stained liver sections, and hepatic fibrin deposition were assessed as described in Hepatic PMN accumulation and activation, Evaluation of liver injury, and Evaluation of coagulation system and liver hypoxia.
Statistical analysis.
The results are expressed as means ± SEM. One-way or two-way ANOVA was applied as appropriate; Tukey's method was employed as a post hoc test. At least three biological repetitions were performed for each experiment. p < 0.05 was set as the criterion for statistical significance.
ReSuLtS

AMD Enhanced the Alterations in the Hemostatic System
Caused by LPS Hepatocellular injury from AMD/LPS co-treatment begins between 4 and 6 h after administration of LPS and progresses through 10 h (Lu et al., 2012) . Coagulation activation was measured at times before (2 and 4 h) and during injury progression using the plasma concentration of TAT as a marker for generation of thrombin (Fig. 1A) . LPS alone caused an increase in TAT concentration in the plasma, which peaked at 2 h or earlier and returned to baseline by 10 h after LPS. AMD alone did not affect TAT concentration. The concentration of TAT in plasma of AMD/LPS-treated rats was not different from that in LPStreated rats until 10 h, at which time it was greater in the AMD/ LPS-co-treated animals.
An increase in plasma concentration of PAI-1 suggests reduced fibrinolysis. LPS increased the concentration of active PAI-1 in plasma, an effect that started at or before 2 h, peaked between 2 and 4 h, and returned to baseline at 10 h after LPS treatment (Fig. 1B) . AMD did not alter the concentration of active PAI-1 by itself but significantly enhanced the LPSinduced active PAI-1 peak from 4 to 10 h.
AMD/LPS Co-treatment Induced Fibrin Deposition and Hypoxia in the Liver
Fibrin deposition is a consequence of coagulation system activation and impaired fibrinolysis and can lead to tissue hypoxia. Little fibrin was detected in the livers of rats treated with vehicle, AMD, or LPS alone at either 4 or 10 h after LPS ( Fig. 2A) . After 4 and 10 h, respectively, fibrin deposition was observed in rats co-treated with AMD/LPS, with the fraction of positively stained area about twofold greater than any of the control groups. Fibrin deposition was panlobular and appeared to be sinusoidal in AMD/LPS-treated rats (Fig. 2B) .
Next, liver hypoxia was evaluated by quantification of immunohistochemical staining of PIM adducts 4 h after LPS (Fig. 3A) , which is before the onset of hepatic parenchymal damage. Increased PIM adduct staining was only observed in liver sections from AMD/LPS-treated rats, whereas treatment with Veh/LPS or AMD/Sal did not cause an increase compared with the Veh/Saltreated group. Figure 3B shows representative photomicrographs of PIM adduct staining at 4 h after LPS treatment. Minimal staining was observed in Veh/Sal-, Veh/LPS-, or AMD/Sal-treated groups. Positive staining in the AMD/LPS-treated group was localized mainly to the midzonal regions of the liver lobules.
Anticoagulant Heparin Prevented Hepatic Fibrin Deposition and Attenuated AMD/LPS-induced Liver Injury
Treatment with heparin abolished the AMD/LPS-induced hepatic fibrin deposition at 10 h after LPS treatment (Fig. 4A ). Heparin also diminished liver damage: ALT activity in serum was reduced by 60% ( Fig. 4B) , and the areas of hepatocellular necrosis were smaller after heparin treatment (Fig. 4C ).
AMD Affected LPS-induced Hepatic PMN Accumulation
Treatment of rats with LPS alone caused an increase in the number of PMNs in the liver at 4 h, and this effect remained stable up to 10 h (Fig. 5A ). AMD alone did not cause PMN accumulation in the liver. At 4 h, before the onset of liver injury (Lu et al., 2012) , co-treatment with AMD/LPS led to impaired PMN accumulation in the liver compared with Veh/LPS treatment. At 10 h, which is near the peak of liver injury, livers from AMD/LPS-treated rats had slightly increased hepatic PMN accumulation. This accumulation displayed a panlobular distribution in livers of rats treated with Veh/LPS or AMD/LPS before the onset of liver injury (4 h; data not shown). At 10 h, PMNs in AMD/LPS-treated rats formed clusters around the necrotic regions (Fig. 5B ). Hepatic PMNs in Veh/LPS-treated animals retained panlobular distribution.
AMD/LPS Co-treatment Induced PMN Activation
No staining for HOCl-modified epitopes was detected in any treatment group at 4 h after LPS treatment (Fig. 6A) . At 10 h after LPS, positive staining for HOCl-modified epitopes was 6 EU/kg, iv) or Sal. Plasma samples were collected at 2, 4, 6, or 10 h after LPS administration. Concentrations of TAT (A) and active PAI-1 (B) in plasma were measured. #, significantly different from respective groups not given LPS; *, significantly different from respective group not given AMD. p < 0.05, n = 4-9.
observed only in the AMD/LPS-treated group. The staining localized mainly to the midzonal regions of the liver lobules (Fig. 6B) .
PMN Depletion Attenuated AMD/LPS-induced Liver Injury
Next, AMD/LPS-treated rats were pretreated with NAS or CS, and the numbers of circulating total leukocytes, lymphocytes, and PMNs were quantified at 10 h after LPS (Table 1) . CS/AMD/LPS-treated rats had significant lymphocytopenia and neutrophilia compared with CS/Veh/Sal-treated rats. NAS treatment dramatically decreased the number of circulating PMNs after AMD/LPS treatment without affecting the number of circulating lymphocytes. The number of circulating PMNs in NAS/AMD/LPS-treated rats (275 ± 40/µl) was even smaller compared with CS/Veh/Sal-treated rats (579 ± 150/µl).
As expected, there were few PMNs in livers of rats treated only with CS. Treatment with CS did not affect the PMN accumulation in the livers of AMD/LPS-treated rats (compare Figs. 5A and 7A). NAS attenuated the AMD/LPS-induced hepatic PMN accumulation by ~30%, but the number of hepatic PMNs in NAS/AMD/LPS-treated rats was still substantially greater than that of the CS/Veh/Sal-treated rats. PMNs in NAS/AMD/ LPS-treated rats were distributed across the lobules, and clustering of PMNs in the necrotic regions that was observed in the livers of CS/AMD/LPS-treated rats was not seen in rats treated with NAS/AMD/LPS (Fig. 7B) . Despite the considerable PMN accumulation, NAS completely abolished the AMD/LPSinduced positive staining of HOCl-modified epitopes (Fig. 7C) .
Effects of PMN depletion on AMD/LPS-induced liver injury were assessed at 10 h after LPS. NAS reduced the AMD/ LPS-induced increase in ALT activity by 40% (Fig. 7D) and 6 EU/kg, iv) or Sal. PIM hydrochloride (120 mg/kg, iv) was given to rats 2 h after LPS, and liver tissue samples were collected at 4 h after LPS. (A) PIMadducted proteins were immunochemically stained and quantified as described in Materials and Methods. #, significantly different from respective group not given LPS; *, significantly different from respective group not given AMD. p < 0.05, n = 3-6. (B) Representative pictures (×100) of PIM adduct staining at 4 h after LPS. attenuated AMD/LPS-induced hepatic necrosis as determined by histological evaluation (Fig. 7E) .
Interaction of the Hemostatic System and PMNs in AMD/LPS-induced Liver Injury
AMD/LPS-induced hepatic fibrin deposition was not affected by NAS (Fig. 8) . Heparin did not affect the AMD/LPS-induced accumulation of PMNs in liver (Fig. 9A) or the clustering of PMNs in necrotic areas (Fig. 9B) . Heparin treatment inhibited AMD/LPS-induced hepatic PMN activation (Fig. 9C ).
DIScuSSIoN
The mechanisms by which drugs cause IDILI are not known. IDILI-associated drugs, such as ranitidine (RAN, a H 2 -receptor antagonist), trovafloxacin (TVX, a broad spectrum antibiotic) and sulindac (SLD, a nonsteroidal antiinflammatory drug), are safe in the majority of patients but induce idiosyncratic liver injury in a very small fraction of patients. Administration of these drugs to rats or mice, even at large doses, failed to produce liver injury (Luyendyk et al., 2003; Shaw et al., 2007; Zou et al., 2009) . On the other hand, coadministration of some IDILI-associated drugs with LPS to induce modest inflammation caused liver injury and has provided animal models with which to study mechanisms of this injury .
Previous studies demonstrated that AMD/LPS-treated rats developed idiosyncrasy-like liver injury, characterized by elevated activities of ALT and AST in serum and midzonal hepatocellular necrosis, whereas neither AMD nor LPS alone caused hepatotoxicity at the doses used in this model. The onset of liver injury was between 4 and 6 h after LPS administration, and injury progressed through 10 h (Lu et al., 2012) . This AMD/LPS model is the only animal model developed for AMD in which pronounced liver injury occurs, and this study is the first to report the contributions of neutrophils and the hemostatic system to AMD-induced hepatotoxicity. Hepatic fibrin deposition is controlled by both the coagulation system (deposition) and the fibrinolytic system (removal). LPS given alone caused elevations of both TAT (Fig. 1A) and PAI-1 (Fig. 1B) , but they were not enough to result in fibrin deposition ( Fig. 2A) . AMD/LPS-induced hepatic fibrin deposition started at 4 h after LPS ( Fig. 2A) , a time at which the LPS-induced increase in PAI-1 (Fig. 1B) but not TAT (Fig. 1A) was enhanced by AMD. These results suggest that the effect of AMD on LPS-induced PAI-1 at 4 h was critical for the formation of hepatic fibrin after AMD/LPS co-treatment. Fibrin deposition was sustained through 10 h after AMD/LPS, consistent with the sustained elevations in TAT and PAI-1. LPS-induced coagulation activation is well characterized. Inflammatory mediators such as TNF generated during exposure to LPS can induce TF. TF is a primary activator of a coagulation cascade that leads to activation of thrombin though factor Xa. Exposure to LPS also elicits PAI-1 production from endothelial cells (Nawroth and Stern, 1986; Schleef et al., 1988) . However, the mechanism by which AMD contributes to LPS-induced activation of thrombin and PAI-1 is not understood. AMD inhibited the translation and protein expression of TF in a mouse model of photochemical-induced carotid artery thrombus formation (Breitenstein et al., 2008) , so the prolongation of LPS-induced thrombin activation might be an indirect effect of AMD. AMD has not been reported to affect PAI-1 generation directly. One mechanism by which AMD could potentiate LPS-induced PAI-1 activation is through an effect on PAI-1-inducing cytokines, e.g., TNF, because AMD enhances LPS-induced TNF production in this model (Lu et al., 2012) , and TNF can induce PAI-1 production (Nawroth and Stern, 1986) .
A direct consequence of fibrin deposition in the liver is disruption of sinusoidal blood flow, which can lead to hepatic hypoxia. Hypoxia can directly injure isolated hepatocytes (Khan and O'Brien, 1997) or perfused livers (Lemasters et al., 1981) . Hypoxia can also sensitize the liver or isolated hepatocytes to secondary stress, such as exposure to hepatotoxicants or drugs (Bacon et al., 1996; Sparkenbaugh et al., 2012) . Both AMD and hypoxia can cause mitochondrial dysfunction in hepatocytes (Chandel et al., 2000; Spaniol et al., 2001) , so it is possible that the combination of the two led to more severe mitochondrial damage and eventually hepatocellular necrosis in AMD/LPS-co-treated animals.
Heparin is a widely used anticoagulant that inhibits thrombin activation by increasing the inhibitory effect of endogenous antithrombin III (Björk and Lindahl, 1982) . Heparin administration prevented hepatic fibrin deposition (Fig. 4A ) but only provided a 60% reduction of the AMD/LPS-induced ALT increase (Fig. 4B) . A similar dose of heparin provided 90% protection against liver damage from a larger, hepatotoxic dose of LPS in rats (Moulin et al., 1996) . These results suggest that coagulation activation was not solely responsible for AMD/ LPS-induced liver injury; other LPS-induced inflammatory factors also contribute.
The influx of PMNs into the liver was mainly driven by LPS administration (Fig. 5A) . Accumulated PMNs distributed evenly across the liver lobules of LPS-treated rats throughout the time examined (Fig. 5B) and in AMD/ Note. Rats were treated with AMD (400 mg/kg, ip) or vehicle and 16 h later with LPS (1.6 × 10 6 EU/kg, iv) or Sal. NAS or CS (0.5 ml per rat, iv) was injected 2 h before AMD, and blood samples were collected 10 h after LPS. Total circulating blood leukocytes, lymphocytes, and PMNs were quantified as described in Materials and Methods. p < 0.05, n = 5-12.
a Significantly different from CS/Veh/Sal. b Significantly different from CS/AMD/LPS.
LU ET AL.
FIg. 7.
Effect of PMN antiserum on hepatic PMN accumulation and activation and liver injury induced by AMD/LPS. Rats were treated with AMD (400 mg/kg, ip) or vehicle (Veh) and 16 h later with LPS (1.6 × 10 6 EU/kg, iv) or Sal. NAS or CS (0.5 ml per rat, iv) was injected 2 h before AMD. Blood and liver tissue samples were collected at 10 h after LPS. LPS-treated rats before the onset of liver injury (data not shown). One mechanism that might contribute to PMN accumulation is the regulation of PMN migration by binding to coagulation proteins including thrombin (Gillis et al., 1997) . Accumulation of PMNs in the liver does not necessarily result in damage to hepatocytes. β-integrin/intercellular adhesion molecule (ICAM)-mediated transmigration of PMNs through the endothelial cells and subsequent adhesion to the target cells are required for PMN activation and cytotoxic effects on parenchymal cells (Shappell et al., 1990) . PMNs in livers of rats treated with the dose of LPS we used were not activated at any time examined, and LPS given alone did not cause liver damage. Because staining for HOCl-modified epitopes revealed cumulative activation and none was seen by 10 h in rats treated only with LPS, it is not likely that we missed LPS-induced activation of PMNs during the experiment. In AMD/LPS-treated rats, PMNs were not activated at 4 h (Fig. 6A) , and injury was not observed at this time (Lu et al., 2012) . Similar findings were observed in acetaminophen-induced hepatocellular injury (Lawson et al., 2000) and lithocholic acid-induced cholestatic injury (Fickert et al., 2006) . PMNs were activated in livers of AMD/LPS-treated rats by 10 h, a time when hepatic injury was apparent.
PMNs not only help to clear injured or dying cells but also tend to attack hepatocytes stressed by inflammatory cytokines because these hepatocytes express more ICAM-1, which facilitates the recruitment and activation of PMNs (Farhood et al., 1995) . Dead or necrotic hepatocytes also release damage-associated molecular pattern molecules (DAMPs), such as high mobility group box-1, heat shock proteins, uric acid, and endogenous DNA fragments (Brenner et al., 2013) . DAMPs can also act as chemokines to attract PMNs (Pittman and Kubes, 2013) . We explored whether PMNs were recruited to clear damaged hepatocytes after AMD/LPS treatment or exaggerated parenchymal cell injury. PMN depletion was associated with a reduction in liver injury in AMD/LPS-treated rats (Fig. 7D) , suggesting that PMNs play a contributory role in the AMD/LPSinduced liver injury.
Interestingly, the contribution of PMNs to AMD/LPSinduced liver damage differs, at least in magnitude, from the contribution of these cells in other models of liver damage arising from LPS interaction with IDILI-associated drugs. For example, PMN depletion offered major protection (around 90%) from liver injury induced by co-treatment with LPS and RAN, TVX, or SLD (Luyendyk et al., 2005; Shaw et al., 2009b; Zou et al., 2011) , but it had only moderate effects (around 40% reduction in injury) in the AMD/LPS model.
A causal relationship between hepatic fibrin deposition and PMN activation was explored. Serine proteases released by activated PMNs affect hepatic fibrin deposition (Deng et al., 2007) . However, in this study, PMN activation was detected later than the appearance of hepatic fibrin deposition and hypoxia (Figs. 2A, 3A , and 6A), and PMN depletion did not affect hepatic fibrin deposition (Fig. 8) . These results suggest that PMN activation did not initiate or contribute to hepatic fibrin deposition. On the other hand, anticoagulation by heparin, which prevented hepatic fibrin deposition, also prevented PMN activation (Fig. 9C ) without affecting hepatic PMN accumulation (Fig. 9A) . These results suggested that fibrin deposition was associated with activation of PMNs rather than their accumulation. One mechanism by which fibrin deposition could contribute to PMN activation is through hypoxia. Hypoxia is a direct consequence of impaired blood flow after fibrin deposition, and it induces adhesion molecules important for PMN activation (Arnould et al., 1993) . Hypoxia can also cause necrosis of hepatocytes (Fassoulaki et al., 1984) , which could release PMNactivating DAMPs (Scaffidi et al., 2002) . It is possible that hypoxia initiated hepatocellular necrosis starting at 4 h after LPS and that activated coagulation factors together with DAMPs released from necrotic hepatocytes caused activation of PMNs at later times.
In summary, AMD enhanced LPS-induced impairment of the hemostatic system, resulting in elevated fibrin deposition and subsequent hypoxia. LPS drove PMN accumulation in the liver but not PMN activation. Only the PMNs in AMD/ LPS-treated rats were activated during the progression phase of liver injury. Anticoagulation and PMN depletion each reduced AMD/LPS-induced liver injury. PMN depletion did not affect hepatic fibrin deposition, whereas an anticoagulant completely prevented PMN activation in the liver. These results suggest that a critical interaction between the hemostatic system and PMNs occurs in the pathogenesis of AMD/ LPS-induced liver damage. 6 EU/kg, iv) or Sal. NAS or CS (0.5 ml per rats, iv) was injected 2 h before AMD. Hepatic fibrin deposition was quantified in liver sections collected at 10 h after LPS. #, significantly different from CS/Veh/Sal/. p < 0.05, n = 5-12.
FIg. 9.
Effect of heparin on AMD/LPS-induced hepatic PMN accumulation and activation. Rats were treated with AMD (400 mg/kg, ip) or vehicle (Veh) and 16 h later with LPS (1.6 × 10 6 EU/kg, iv) or Sal. Heparin (3000 units/kg, sc) or Sal was administered 0.5 h after LPS. Animals were euthanized 10 h after LPS for sample collection. (A) Hepatic PMN accumulation (HPF); (B) Representative photomicrographs (taken at a magnification of ×100; insets showing stained PMNs were taken at ×1000) of hepatic PMN accumulation; (C) Staining for HOCl-modified epitopes was performed as described in Materials and Methods. #, significantly different from Veh/Sal/Sal. *, significantly different from AMD/LPS/Sal. p < 0.05, n = 3-7. 
